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Abstract

:

Irreversible vision loss is a worldwide threat. Developing a computer-aided diagnosis system to detect retinal fundus diseases is extremely useful and serviceable to ophthalmologists. Early detection, diagnosis, and correct treatment could save the eye’s vision. Nevertheless, an eye may be afflicted with several diseases if proper care is not taken. A single retinal fundus image might be linked to one or more diseases. Age-related macular degeneration, cataracts, diabetic retinopathy, Glaucoma, and uncorrected refractive errors are the leading causes of visual impairment. Our research team at the center of excellence lab has generated a new dataset called the Retinal Fundus Multi-Disease Image Dataset 2.0 (RFMiD2.0). This dataset includes around 860 retinal fundus images, annotated by three eye specialists, and is a multiclass, multilabel dataset. We gathered images from a research facility in Jalna and Nanded, where patients across Maharashtra come for preventative and therapeutic eye care. Our dataset would be the second publicly available dataset consisting of the most frequent diseases, along with some rarely identified diseases. This dataset is auxiliary to the previously published RFMiD dataset. This dataset would be significant for the research and development of artificial intelligence in ophthalmology.



Dataset:https://zenodo.org/record/7505822.



Dataset License: CC BY 4.0
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1. Summary


Multiple retinal diseases are responsible for partial or complete vision impairment. Numerous equally significant causes of vision impairment must be addressed, including age-related macular degeneration and Glaucoma. In addition, chronic illnesses such as diabetes can lead to ocular damage, infectious eye disease, and diabetic retinopathy. However, vision loss can impair people of all ages. Most people who are blind or have vision problems are over 50 [1]. A Disease can be identified when lesions or other abnormalities are seen in the retinal fundus image. However, early disease detection can save a subject’s vision. Therefore, a complete pathological test should be conducted once a year [2].



A typical retinal fundus image comprises the retina’s background, blood vessels, macula, and fovea. In a fundus image, various diseases can be seen in specific areas of the retina. Cotton-wool spots on the retina are typical ocular symptoms of several medical conditions, including diabetes mellitus, systemic hypertension, leukemia, AIDS, etc [3,4]. Some diseases may affect the standard structure optic disc and the cup. A medical test cannot provide much information on the detection of Glaucoma because it is a multifocal disease. Few structural changes in the area of the retinal layers and optic nerve are caused by the progression of Glaucoma. Numerous structural changes are performed for glaucoma identification, such as the Cup-to-Disc Ratio (CDR) and Rim-to-Disc Ratio (RDR) [5]. Glaucoma can permanently damage the optic nerves and result in blindness if untreated. Often, relatively mild or no symptoms accompany this progressive and irreversible damage to the optic nerves [6].



An image may illustrate one or more symptoms of several diseases. The primary challenge with Multilabel Dataset (MLD) is the imbalanced form, where the samples and their corresponding labels are not evenly distributed throughout the data space. When handling the imbalance challenge in an MLD, the problem transformation and adaptation methodologies used for the MLD task are inadequate. A generally imbalanced dataset presents a significant problem in various real-world applications, including biomedical engineering [7,8,9,10]. The RFMiD2.0 Dataset is auxiliary to our previously published Retinal Fundus Multi-Disease Image Dataset (RFMiD). RFMiD2.0 is a collection of 49 rare and frequently observed diseases. Optic Neuritis, Retinal Detachment, Retinal Holes and Tear, Silicone Oil-filled Eye, and Hypertension are some diseases that are identified by ophthalmologists and included in the dataset. The overall process of generating a database is illustrated in Figure 1.



Researchers could get in touch with the ophthalmologist to carry out the collaborative work needed to compile data for the dataset. Three eye specialists will collect the retinal fundus images from the subject. The researchers receive the stored data. Then the information that was gathered would be cleaned by removing faulty images, which will be labeled and annotated by the doctors. Eye professionals have a responsibility to provide accurate information. After cross-verifying the labeled images, the final dataset would be divided into training, validation, and testing sets. This dataset would significantly help researchers worldwide to design a disease classification model. The computer-aided disease diagnosis (CADD) system can be developed utilizing artificial intelligence or traditional methods and techniques. However, artificial intelligence (AI) is a new technology in the area of medical imaging. Compared to the conventional imaging methodology, which primarily relies on human effort, AI enables the development of imaging solutions that are more secure, accurate, and productive. However, the most current and reliable uses of AI in clinical research are evaluation and diagnosis [11]. Modern deep learning algorithms have recently developed an automated and dependable medical image classification with superior accuracy, on par with that obtained by professionals [7].



The specifications of the dataset are represented in Table 1.




2. Data Description


The RFMiD2.0 is an 860-image dataset that includes images from multiple retinal diseases. Experts assigned labels and annotations to each image. The RFMiD2.0 dataset was further divided into the two categories mentioned below.



	
Firstly, retinal fundus images were screened into healthy and disease-risk categories.



	
Further, the disease-risk category was classified into 49 different sub-classes.






The RFMiD2.0 dataset is a Multilabel Multiclass Imbalanced Dataset (MMID), consisting of 860 images of 49 frequently and rarely observed diseases, within normal-range images. The entire dataset was split into approximately three sets—a training set, a validation set, and a testing set—in a ratio of 60:20:20. This dataset includes images in PNG and . JPEG format. The labels are available in CSV format. RFMiD_2_Training_labels.CSV, RFMiD_2_Validation_labels.CSV, RFMiD_2_Testing_labels. CSV includes training, validation, and testing set labels, respectively.




3. Experimental Design, Materials, and Methods


3.1. Ethics Statement


The participants in this study gave informed consent. According to the local ethics committee rules, clinical practice standards, and medical research standards, appropriate precautions were taken to preserve subjects’ privacy. The Shri Guru Gobind Singhji Institute of Engineering and Technology, Nanded (MS), India, Local Research Ethical Approval Committee approved the dataset.




3.2. Data Acquisition


Two cameras, the TOPCON TRC-NW300 from TOPCON CORPORATION, Tokya, Japan and CARL ZEISS FF450 from Carl Zeiss Meditec AG, Jena, Germany were used for image acquisition. CARL ZEISS FF450 was utilized for acquiring images from subjects who visited Shri Ganpati Netralaya Jalna for diagnosis and treatment. In contrast, TOPCON TRC-NW300 was available in the state-of-the-art center of excellence in signal and image processing lab at our institute in Nanded. The imaging technology in cameras enables a non-invasive, painless means of screening the retina. Furthermore, retinal imaging technology makes it convenient to use and capable of detecting conditions that cause retinopathy. However, the operator’s skills are equally important in capturing high-resolution images with hidden features [2].



3.2.1. Preparation before Taking Samples


Mydriasis is dilating the pupils, and was carried out using one drop of tropicamide at a 0.5% concentration. The subjects were asked to sit upright while capturing a fundus image.




3.2.2. Quality of Image


The 860 images used for this dataset were selected from the collected images. IMAGEnet-i-base system of TOPCON was used for image processing and to maintain quality with TRC-NW300 retinal camera.




3.2.3. Camera Specifications


TOPCON TRC-NW300 [12]



	
Eight-megapixel, high-quality images were produced by the integrated digital CCD camera. The angle of view was 45°.



	
Fundus camera type: non-Mydriatic



	
Auto-focus, auto-exposure, and auto-shoot are vital camera features.






CARL ZEISS FF450 [13]



	
FF 450plus Fundus Camera and VISUPAC Digital Imaging System are seamlessly integrated for exceptional image quality, operation, and diagnostic adaptability.



	
Through reciprocal calibration, the VISUPAC system and the FF 450plus Fundus Camera continuously deliver a distinct level of precision.



	
For the fine detail of the macula and optic nerve, the Zeiss FF450 plus Fundus Camera offers three field angles: 50°, 30°, and the smaller 20° field.








3.3. Annotation of Images


At first, two ophthalmologists independently classified each image. Some fundus images included one or more labels. Multiple labels were applied to a single image if fundus imaging revealed the presence of more than one disease. When there were discrepancies in the diagnostic evaluations after the ophthalmologists had finished initially labeling the fundus images, the labels were verified and confirmed. The labels offered by the specialists are further explained.



Within Normal Limit (WNL): Normal retinal anatomical structure consists of two fundamental parts that can be segmented using various algorithms. Optic discs and blood vessels can be detected and differentiated for retinal image analysis [14]. The retina is clear in normal fundus images, and the retinal arteriolar lumen and venules run through the retinal layer, making them the primary elements of the retina. These are easily visible [15].



Asteroid Hyalosis (AH): AH is the typical ophthalmologist finding. Asteroid hyalinosis (AH) is observed as yellow–white dazzling, reflecting particles enclosed by densely adhered fibrils [16]. It is necessary to conduct an accurate ocular evaluation to diagnose this illness as shown in Figure 2a.



Anterior Ischemic Optic Neuropathy (AION): The optic nerve’s swollen and pale presence is observed on the retina. Moreover, there are retinal cotton wool spots at the anterior pole, and this artery can cause temporary central retinal artery occlusion. Ischemic optic neuropathies (IONs) are the most frequent acute optic neuropathy in patients older than 50. The signs of AION are reduced clarity of vision, color blindness, and other visual defects [17,18]. Figure 2b shows an image of AION.



Age-Related Macular Degeneration (ARMD): ARMD is one of the leading causes of significant vision loss, including vision impairment, among the population, usually occurring in those over 60. Lipoprotein deposits and acellular wastes are responsible for drusen. Retinal pigment epithelium abnormalities, drusen, and choroidal neovascular membrane formation are referred to as ARMD. The presence of visible spots of degeneration in the retinal fundus images is used to identify the ARMD as shown in Figure 2c [19,20,21]. Furthermore, geographic atrophy and drusen that extend to the macula center are indications of advanced non-neovascular age-related macular degeneration [22].



Branch Retinal Vein Occlusion (BRVO): One of the most frequent forms of acquired microvascular abnormalities in retinal fundus images, and a common cause of vision loss, is retinal vein occlusion. The presence of retinal edema, surface-deep retinal hemorrhages, intraretinal abnormalities, anastomotic vessels, and venous dilation in the region of the retina corresponding to the occluded vein were all considered symptoms of branch retinal vein occlusion [23].



Coloboma (CB): Coloboma impacts the morphological structure and functionality of the eye. Coloboma in the macula and optic disc may threaten the subject’s vision, increasing the risk of retinal degeneration [24].



Choroidal folds (CF): Undulations of the choroid, Bruch’s membrane, retinal pigment epithelium, and neurosensory retina are called chorioretinal folds. CFs are a clinical symptom that must be looked at if they are assumed to be related to various extraocular and ocular illnesses. Recent developments have improved the characterization of CFs in retinal imaging. The development of choroidal neovascularization is just one of the visual complications that can result from chronic CFs that may be picked up by retinal imaging [25].



Images of BRVO, CB, and CF are shown in Figure 3a–c, respectively.



Collateral (CL): These are vessels that grow inside the framework of the retinal vascular network that is already in place. In other words, veins are connected to veins, and arteries are connected to arteries. Collaterals emerge from the retinal capillary bed, joining nearby capillaries that are blocked or unblocked or spread around obstructions in a single vessel. Atherosclerosis occurs when veins and, less frequently, arteries are connected. These canals often have slow, infrequently normal flow [26].



Macular Edema (ME): ME is a common pathologic sequela of the retina that can result from several pathological diseases, including diabetic retinopathy, central or branch retinal vein blockage, intraocular inflammation, and, most frequently, cataract surgery. According to histological investigations, the macula region often exhibits radially oriented cystoid pockets filled with ophthalmoscopically clear fluid. These cysts resemble regions of the retina where the cells appear to have been dispersed [27].



Neovascularization (NV): Proliferative Diabetic Retinopathy (PDR) can result in the microvascular blockage of retinal blood vessels. Moreover, the retina responds by growing new, tiny blood vessels, known as neovascularization. If these fragile new blood vessels break, there may be vitreous hemorrhage. Neovascularization in the retina and the optic disc is a characteristic of PDR [28]. The relevant images of CL, ME, and NV are presented in Figure 4a–c.



Central Retinal Artery Occlusion (CRAO): CRAO is characterized by retinal infarction, cherry red spots, and retinal arterial irregularities, as well as the absence of residual retinal circulation or poor residual retinal circulation on fluorescein fundus as shown in Figure 5a. Due to the sudden, profound sight loss, this is an ocular emergency. There is a vast body of literature on its numerous topics, which is rife with severe debates and myths, especially regarding its management [29].



Chorioretinitis (CRS): Uveitis of the choroid and retina of the eye are both inflamed in chorioretinitis, a kind of uveitis that affects the posterior region of the eye. The vascular layer of the eye, or choroid, is located between the retina and the sclera. The choroid is in control of providing the outer layers of the retina with a circulatory supply. Therefore, inflammation of these layers might result in issues that could endanger vision [30]. Figure 5b presents CRS image.



Central retinal vein occlusion (CRVO): The presence of retinal edema, optic disc edema, sporadic shallow, and deep retinal hemorrhages, and venous dilatation were considered to be signs of central retinal vein occlusion as shown in Figure 5c. Hypertension, retinal microvascular abnormalities, renal impairment, and hypertriglyceridemia are linked with retinal vein occlusion [31].



Cysticercosis (CSC): A prevetable endemic cause of blindness in India is cysticercosis. This is a parasitic infestation brought on by Cysticercus cellulose, which is Taenia sodium’s larval stage [32].



Cotton Wool Spots (CWS): Microinfarction-related white patches on the retinal surface (shown in Figure 6b) are called cotton wool spots. Several conditions, such as viral infection, diabetes, hypertension and high coagulation conditions, cause CWS [33,34]. Figure 6b,c, respectively, depict images of CWS and CSC.



Drusens (DN): Drusen are fatty formations that appear in retinal fundus imaging as yellowish or whitish, blurry, bright spots as shown in Figure 7a. The visible boundaries, size, and shape of the drusen are judging parameters when grading the macular degeneration disease. The drusens are further classified as soft and hard drusens. Compared to soft drusens, which have hazy boundaries, hard drusens are smaller and more clearly defined [35].



Diabetic Retinopathy (DR): Diabetic retinopathy (DR) is constituted by microvascular damage to the retinal structure in hyperglycemia [36]. DR is characterized by one or more vascular changes such as microaneurysms, exudates, hemorrhages, cotton wool spots, neovascularization, and other microvascular abnormalities. Furthermore, it is classified into non-proliferative and proliferative DR categories [37,38].



Exudation (EX): The progress in diabetic retinopathy disease leads to a blockage in the retinal blood vessels, which is responsible for the formation of microscopic abnormalities. These abnormalities are referred to as exudates shown in Figure 7b. Furthermore, exudates are classified into soft and hard exudates. Soft exudates appear as pale yellow or white patches with unclear boundaries, whereas hard exudates are yellow patches in the retina [38].



Epiretinal Membrane (ERM): ERM is avascular (having few or no blood vessels), semitranslucent, fibrocellular membranes that grow on the retina’s inner surface. They are also referred to as cellophane maculopathy or macular puckers. They often have few symptoms and can be easily detected, but can occasionally can induce painless vision loss and metamorphopsia (visual distortion). In general, ERMs are most symptomatic when they damage the macula, the central region of the retina that aids in the ability to detect fine detail used to read and recognize faces [39]. Figure 8a represents an image of ERM.



Giant Retinal Tear (GRT): Giant retinal tears are characterized as circumferential full-thickness tears of the retina that extend beyond 90 degrees and are linked to vitreous detachment (Figure 8b). Due to the numerous issues and technical problems involved, managing them presents enormous tasks. Although GRTs can happen independently, they are frequently linked to several diseases, such as ocular trauma, extreme myopia, aphakia, pseudophakia, collagen-related genetic abnormalities, and young age [40].



Hemorrhagic Pigment Epithelial Detachment (HPED): Separation between the RPE and the innermost part of Bruch’s membrane is a characteristic of retinal pigment epithelial detachments (PEDs) shown in Figure 8c. The blood patch, serous exudate, drusenoid material, fibrovascular tissue, or a mix of the above can fill the gap left by this separation [41].



Idiopathic Intracranial Hypertension (IIH): Increased intracranial pressure is the hallmark of the complicated neuro-ophthalmological disease known as idiopathic intracranial hypertension (IIH), which can be vision-threatening (ICP). It is an uncommon condition with a 0.5–2 per 100 incidence rate [42]. Figure 9b represents an image of IIH.



Hypertensive Retinopathy (HTR): HTN that is not well-controlled impacts the cardiovascular, renal, cerebrovascular, and retinal systems. Target-organ damage is the term for the harm done to these systems. Choroidopathy, retinopathy, and optic neuropathy are the three types of ocular disease caused by HTN that impact the eye. The damage caused by high blood pressure to the retinal arteries is known as hypertensive retinopathy (HTR) shown in Figure 9a. There is strong evidence that the systemic morbidity and mortality caused by TOD are predicted by hypertensive retinopathy. According to a study by Erden et al., the severity and length of HTN are associated with an increase in the incidence of retinopathy [43].



Haemorrhagic Retinopathy (HR): In some retinal diseases, leakage from the retinal blood vessels may cause injury to the retina. This blood flow from retinal blood vessels into the retina leads to hemorrhages shown in Figure 10a. Diabetes, high blood pressure, anemia, and other eye-related diseases, such as macular degeneration, can induce retinal hemorrhages, which can cause temporary or permanent blindness [44]. Hemorrhages exhibit a considerable measure of heterogeneity in shape and appearance [45]. Segmenting hemorrhages in retinal images is challenging since their characteristics resemble some of the dark areas imposed by poor lighting and blood vessels [46].



Laser Scar (LS): For patients who have undergone laser photocoagulation therapy, a specific pathway is created in the diabetic eye-screening programme. The procedure leaves behind circular or atypical scars called laser scars in the retina. Laser scars may appear everywhere in the retinal fundus image except for specific regions such as the optic disc, the macular, and the major vessels shown in Figure 10b [47].



Microaneurysm (MCA): Microaneurysms appear in the retina as small, dispersed red dots as shown in Figure 10c. They are formed due to leakage in blood vessels in the retina. Progressive effects of this disease are lipids and fluids leaking from blood vessels, comprising hard exudates that are yellowish and come in various shapes and sizes [48].



Media Haze (MH): Media Haze is an invisibility in the media known as temporal regions that mainly causes a poor visual analysis of the object or thing being observed. The media opacity caused by media haze is a sign of cataracts, corneal edema, vitreous opacities, or small-sized pupils. The early stage of cataracts is characterized by media haze illness. Media haze identification is necessary for early-stage treatment to lower the risk of cataract-related blindness [49].



Macular Hole (MHL): The foveal center contains a circular, full-thickness opening known as a macular hole (MH). Most of the time, this is unexplained or caused by irregular vitreo-foveal traction [50]. Figure 11a and Figure 11b, respectively, show images of MH and MHL.



Macular Scar (MS): Macular scars are created after any inflammation, infection, or lesions that were once present have healed. They have an apparent yellow–white center and fluffy borders as shown in Figure 12a [51].



Myopia (MYA): Severe Myopia may lead to irreversible vision loss. Myopia is characterized by pathological abnormalities such as an increase in axial length, fundus tessellation, retina-choroidal degeneration, and an optic disc tilt shown in Figure 12b. Deep learning algorithms are utilized to categorize images of diseases, segment the optic disc, and identify anomalies in fundus images [52]. Myopia can be categorized into two classes. The signs of low myopia are vision impairment, progressive reduction in vision, ocular discomfort, and whitish or greyish spots in vision. However, the symptoms of high myopia are more severe than those of low myopia, and may result in irreversible disease or complete blindness [53].



Optic Disc Cupping (ODC): Neuroretinal rim in the optic disc appears thinner than the original shape. This condition is usually observed in Glaucoma. High intraocular pressure, which causes Glaucoma, results in the progressive death of the axons and glia that support them [33]. Figure 12c depicts an image of ODC.



Optic Disc Edema (ODE): The intraocular part of the optic nerve swells due to optic disc edema. The occipital cortex receives the visual signal from retinal ganglion cells, which make up the nerve, via the scleral lamina cribrosa [54].



Optic Disc Pallor (ODP): Observable changes in the neuroretinal rim of the optic disc appear white rather than orange during fundus imaging. ODP indicates that one of several conditions has injured the axons in the optic nerve, which may cause permanent vision loss [33].



Optic Neuritis (ON): Optic neuritis is an inflammatory, demyelinating illness that results in an abrupt, typically single-sided loss of vision. This is closely related to multiple sclerosis (MS). Fifty percent of MS patients experience optic neuritis at some point throughout their illness, presenting as a symptom in 15 to 20 percent of people. Sometimes, various inflammatory and viral disorders affecting the optic nerve are referred to as “optic neuritis” [55]. Images of ODE, ODP, and ON are shown in Figure 13a–c, respectively.



Optic Disc Pit Maculopathy (ODPM): A uncommon unilateral and sporadic congenital malformation of the optic disc is called an optic disc pit. Intraretinal and subretinal fluid at the macula, which results in progressive vision loss, characterize Optic Disc Pit Maculopathy [56]. Figure 14a depicts an image of ODPM.



Preretinal Hemorrhage (PRH): A known side effect of diabetic retinopathy is preretinal bleeding as shown in Figure 13b. Due to blood clots under the internal limiting membrane or in the premacular region between the retina and posterior hyaloid face, patients typically first experience painless loss of vision [57].



Retinal Detachment (RD): When the sensory retina detaches from the retinal pigment epithelium, a condition known as retinal detachment (RD) develops. If this condition is not promptly treated, it can cause severe vision loss [58]. Figure 14c depicts an example of RD.



Retinal Holes and tears (RHL and RTR): Retinal holes and tears are small tears or breaches in the retina as shown in Figure 15a,b. In most cases, holes and tears do not instantly cause severe visual issues. However, retinal tears and holes could become problematic if fluid seeps below the retina. When fluid accumulates behind the retina, it may eventually split from the eye’s wall and sustain damage to a portion of the retina. Acute retinal illnesses such as retinal holes and tears can cause complete blindness [59].



Retinitis Pigmentosa (RP): Retinitis pigmentosa (RP) is a member of the class of retinal disorders known as pigmentary retinopathies, which includes all retinal dystrophies characterized by a loss of photoreceptors and deposits of pigment in the retina. Pigment deposits predominate in the peripheral retina of people with RP, a retinal degenerative disease, while the central retina is relatively spared. Primary degeneration of the photoreceptor rods and subsequent deterioration of the cones are present in most RP cases. As photoreceptor rods are more impacted than cones in the normal RP, this is often referred to as rod-cone dystrophy. This progression of photoreceptor involvement explains why individuals initially arrive with night blindness and only show visual impairment in daylight situations later in life [60]. Figure 15c depicts an example of RP.



Retinal pigment epithelium changes (RPEC): Age-related reforms in the retinal pigment epithelium (RPE) include the loss of melanin granules, an increase in the density of residual bodies, an accumulation of lipofuscin, an accumulation of basal deposits on or within Bruch’s membrane, and the development of drusen [61]. An image of RPEC is shown in Figure 16a.



Retinitis (RS): Retinitis, an inflammation of the retina, can permanently impair vision. A variety of microorganisms can cause retinitis. Various factors, including the patient’s age, location, and immunological condition, can influence how these viruses impact them. Retinitis could be the primary eye symptom of significant non-infectious causes such as Behcet illness. Retinitis can manifest as retinochoroiditis or chorioretinitis, depending on the location of initial involvement [62]. Figure 16b shows an example of the RS.



Retinal Traction (RT): RT occurs as a result of traction from membranes in the vitreous or on the retinal surface. It is also known as the separation of the neurosensory retina from the underlying retinal pigment epithelium. Multiple factors have resulted in the formation of these membranes. However, Diabetes mellitus is the most common cause of RT [56]. Figure 16c shows an example of the RT.



Silicone Oil-Filled Eye (SOFE): In complicated retinal detachments, silicone oil is used incrreasingly frequently to replace the vitreous shown in Figure 17a. In some otherwise untreatable retinal separations, its use as a tamponade enables effective retinal reattachment [63].



Optociliary Shunt (ST): The vessels that connect the retinal venous system to the choroid on the optic nerve head are called optociliary shunt vessels. Clinical signs include the existence of optociliary shunt veins or peripapillary vascular loops. Vision loss develops gradually as a result of this [56]. Figure 17b shows an example of the ST.



Tilted Disc (TD): The optic disc is tilted or obliquely oriented in tilted disc syndrome (TDS), a congenital disc abnormality. Several anomalies of the posterior pole are also linked to this. Using high quality photos, this study analyzes the pathophysiology of TDS and its clinical, functional, and structural effects [64]. An image of TD is shown in Figure 17c.



Tessellation (TSLN): The initial stage of high myopia is referred to as tessellation in the fundus image. The tessellations are visible on the posterior fundus pole as large choroidal vessels (Figure 18a). Grading is assigned to the image, with tessellation depending upon severity [65,66].



Tortuous Vessels (TV): Clinicians recognize vascular tortuosity, or how curled or twisted a blood vessel is, and whether a vein or an artery, appears along its course as a characteristic vascular pattern shown in Figure 18b. Vascular tortuosity is measured by the degree of curve, length of the curled or twisted vessel, and directional changes in vessels. In some studies, the tortuosity is calculated by “vessel arc to chord ratio” or the “vessel curvature” [67].



Vasculitis (VS): Vascular inflammation is known as vasculitis. There are several causes, but only a few histologic forms, of vascular inflammation results. Any vessel in any organ might be impacted, leading to a wide range of indications and symptoms. The diagnosis of particular types of vasculitis is made more difficult by these unpredictable clinical symptoms and the etiologic nonspecificity of the histologic abnormalities. This is a concern because various vasculitides have drastically varying prognoses and therapies despite having similar clinical presentations-small vessel vasculitis is depicted in the Figure 18c. [68].



The ophthalmologists examine and label each fundus image. However, several diseases may be associated with a single image. Therefore, the newly created dataset is a multi-label imbalanced dataset. The Table 2 provides a summary of the number of labels assigned to each image.





4. Conclusions


We collected data from a reputable ophthalmic research facility center. Medical specialists analyze the retinal fundus images to diagnose eye conditions and accurately recommend the most appropriate treatment. We noticed that the data included widely identified diseases. However, when gathering data, rare diseases are also recognized, which leads to an imbalance in the data. Additionally, many retinal fundus images have two or more diseases or findings. Retinal Fundus Multi-Disease Dataset 2.0 is the second Multilabel Imbalanced Dataset containing more than 45 diseases, as far as is known. The classifications in this database are challenging to the research society. The development of computer systems allowing for AI-based illness diagnostics might help ophthalmologists.
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Figure 1. Process of creating dataset by taking consent from ophthalmologists to develop Computer Aided Disease Diagnosis (CADD) System. 
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Figure 2. Images of (a) Asteroid Hyalosis (AH), (b) Anterior ischemic optic neuropathy (AION), and (c) Age-Related Macular Degeneration (ARMD). 
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Figure 3. Images of (a) Branch Retinal Vein Occlusion (BRVO), (b) Coloboma (CB), and (c) Choroidal Folds (CF). 
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Figure 4. Images of (a) Collateral (CL), (b) Macular Edema (ME), and (c) Neovascularization (NV). 
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[image: Data 08 00029 g004]







[image: Data 08 00029 g005 550] 





Figure 5. Images of (a) Central Retinal Artery Occlusion (CRAO), (b) Chorioretinitis (CRS), and (c) Central retinal vein occlusion (CRVO). 
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Figure 6. Images of (a) Central Serous Retinopathy (CSR), (b) Cotton Wool Spots (CWS), and (c) Cysticercosis (CSC). 
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Figure 7. Images of (a) Drusens (DN), (b) Exudation (EX). 
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Figure 8. Images of (a) Epiretinal Membrane (ERM), (b) Giant Retinal Tear (GRT), and (c) Hemorrhagic Pigment Epithelial Detachment (HPED). 
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Figure 9. Images of (a) Hypertensive Retinopathy(HTR), (b) Idiopathic Intracranial Hypertension (IIH). 
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Figure 10. Images of (a) Haemorrhagic Retinopathy (HR), (b) Laser Scar (LS), and (c) Microaneurysm (MCA). 
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Figure 11. Images of (a) Media Haze (MH), (b) Macular Hole (MHL). 
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Figure 12. Images of (a) Macular Scar (MS), (b) Myopia (MYA), and (c) Optic Disc Cupping (ODC). 
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Figure 13. Images of (a) Optic Disc Edema (ODE), (b) Optic Disc Pallor (ODP), and (c) Optic neuritis (ON). 
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Figure 14. Images of (a) Optic Disc Pit Maculopathy (ODPM), (b) Preretinal Hemorrhage (PRH), and (c) Retinal Detachment (RD). 
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Figure 15. Images of (a,b) Retinal Holes and tears (RHL and RTR), and (c) Retinitis Pigmentosa (RP). 
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Figure 16. Images of (a) Retinal pigment epithelium changes (RPEC), (b) Retinitis (RS), and (c) Retinal Traction (RT). 
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Figure 17. Images of (a) Silicone Oil-Filled Eye (SOFT), (b) Optociliary Shunt (ST), and (c) Tilted Disc (TD). 
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Figure 18. Images of (a) Tessellation (TSLN), (b) Tortuous Vessels (TV), and (c) Vasculitis (VS). 
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Table 1. Specifications of dataset.
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	Subject area
	Ophthalmology, Biomedical Data



	More specific subject area
	Multiple Disease Classification of Retinal fundus images



	Type of data
	Images, CSV files



	How data was acquired
	TOPCON TRC-NW300



	Data format
	Labelling and Annotation of .JPEG, .PNG image files into .CSV files



	Experimental factors
	Most of the patients were subjected to mydriasis with one drop of tropicamide at 0.5% Concentration. The non-Mydriatic process is conducted for some subjects.



	Experimental features
	The fundus images were captured with position and orientation of the patient sitting upright with 40.7 mm (TOPCON TRC-NW300) and 42 mm (CARL ZEISS FF450) working distance between lenses and examined eye using non-invasive fundus camera.



	Data source location
	State of Art Eye Care Hospital, Shri Ganpati Netralaya located at Jalna, Maharashtra, India. Center of Excellence in Signal and Image Processing, SGGS Institute of Engineering and Technology, Nanded, Maharashtra, India.
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Table 2. Summary of the assignment of labels to number of fundus images in a multilabelled database.
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	Sr. No.
	Normal/Disease
	Fundus Images
	Sr. No.
	Normal/Disease
	Fundus Images





	1
	WNL
	262
	26
	MH
	41



	2
	AH
	2
	27
	MHL
	7



	3
	AION
	4
	28
	MS
	31



	4
	ARMD
	10
	29
	MYA
	43



	5
	BRVO
	22
	30
	ODC
	37



	6
	CB
	4
	31
	ODE
	20



	7
	CF
	7
	32
	ODP
	18



	8
	CL
	6
	33
	ON
	2



	9
	CNV
	2
	34
	OPDM
	1



	10
	CRAO
	1
	35
	PRH
	12



	11
	CRS
	41
	36
	RD
	16



	12
	CRVO
	12
	37
	RHL
	1



	13
	CSR
	16
	38
	RTR
	2



	14
	CWS
	31
	39
	RP
	4



	15
	CSC
	1
	40
	RPEC
	4



	16
	DN
	6
	41
	RS
	8



	17
	DR
	70
	42
	RT
	41



	18
	EDN
	70
	43
	SOFE
	4



	19
	ERM
	5
	44
	ST
	4



	20
	GRT
	1
	45
	TD
	16



	21
	HPED
	3
	46
	TSLN
	37



	22
	HR
	86
	47
	TV
	18



	23
	LS
	16
	48
	VS
	7



	24
	MCA
	8
	49
	HTN
	11



	25
	ME
	41
	50
	IIH
	6
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